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EXECUTIVE SUMMARY

This report is prepared urnder the floodplain management program at New
Ergland Division at the request of the Connecticut Department of

The peak discharge frequency curve for the lower Connecticut at
Middletown, Comnecticut (Bodkin Rock gage) is assessed in this study. The
modified discharge frequency curve developed is considered hydrologically
similar to the frequency curve developed in the 1960's. The previous
estimate of the 100-year flow of approximately 185,000+ cfs is considered
reasonable.

A HEC-2 input data file for a contimuous run of the lower Connecticut
River fram Portlard to Enfield is created from the previous HEC-2 models
developed by Anderson-Nicheols,Inc. for the Federal Emergency Management
Agency (FEMA) Flood Insurance Studies (FIS). This contimuous medel is run
for the 100-year flow ard checked by camparing camputed water surface
elevations to those previously published in the Flood Insurance Studies.
The model is also run for the State of Connecticut Encroachment Line
Program design flow. This HEC-2 input file is available to the Connecticut
Department of Environmental Protection.
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INTRODOCTTION

STUDY AUTHORITY

This study was prepared under the Flood Plain Management Services
program (FEMS). The FPMS program is authorized under Section 206 of the
Flood Control Act of 1960 (PL 86-645) which states

", ..The Secretary of the Army, through the Chief of Engineers,
Department of the Army, is hereby authorized to campile and
disseminate information on floods and flood damages...general
criteria for guidance in the use of flood plain areas and to provide
engineering advice to local interests for their use in planning to
ameliorate the flood hazard..." '

This program allows the Corps to provide planning and technical
assistance to states, regional authorities, and commmnities. The FPMS
program is funded each fiscal year by a line item in the Corps' General
Investigation budget. Each year NED staff members meet with officials
representing Conmnecticut, Massachusetts, Rhode Island, Vermont, New
Hampshire, and Maine to determine which projects the states are interested
in, to establish project priorities, and to develop the scopes for the
projects.

In a meeting with staff members fram the Connecticut Department of
Envirormental Protection on 28 November 1988, NED was requested to study
selected floodplain management issues for the Connecticut River. A meeting
was held with representatives from the Connecticut DEP on 27 November 1989
to review study progress. This is the final report on the project.

STUDY PURPOSE

At the November 1989 meeting the Connecticut Department of
Envirormental Protection (DEP) requested NED investigate several issues
related to floodplain management on the Connecticut River. It was
requested that NED review the previously developed peak discharge
frequency curve for the lower Comnecticut River. The DEP was concerned
that the high flows experienced in 1984 and 1987 may alter this curve ard
thus impact the magnitude of the estimated 100-year peak flow used in
previous studies. The 100-year flood flow is used in the Federal Emergency
Management Agency (FEMA) published Flood Insurance Studies (FIS).



The DEP also requested that NED provide a continuous HEC-2 model for
the Comnecticut River from Middletown to the Connecticut/Massachusetts
border based on data used for the Federal Emergency Management Agency
published Flood Insurance Studies for the communities along this portion
of the Comnecticut River. The DEP plan to use this HEC-2 model in their
floodplain management program. During the review meeting in November 1989
it was requested that this compiled HEC-2 model be run for the 283,000 cfs
design flow used in establishing the State of Connecticut Encroachment
Lines.

The State of Comnecticut Encroachment lines were established in 1959
by the Water Resources Camission under authority of the Connecticut State
Iegislature. These stream encroachment 1lines delineate an area which
should not be encroached upon without authorization.

The DEP also requested that NED provide an assessment of the adequacy
of the East Hartford Dike to protect new development in East Hartford and
that NED assess recently proposed structural medifications tc the dike.

STUDY SCOFE

The requested review of peak discharge frequency curve for the lower
Connecticut is addressed in this study by performing a gage analysis at
Middletown, Comnecticut (Bodkin Rock gage) using the the flow record from
1838 through 1988 ard performing a sensitivity analysis of the estimated
discharge frequency curve.

The requested HEC-2 model for a contimuous run of the lower
Connecticut River is created from the previous HEC-2 models developed by
Anderson-Nichols, Inc. for the Federal Emergency Management Agencies
(FEMA) Flood Insurance Studies (FIS) for the east bank camunities fram
Portland to Enfield. Model data including flows, cross section
information, Manning "n" values, and encroachment stations are compiled
from the FIS backup information and entered into a HEC-2 input file. This
contimious model is run for the 100-year flow and checked by comparing
caputed water surface elevations to those previocusly published in the
Flood Insurance Studies. The mxdel is also run for the State of
Connecticut Encroachment Line Program design flow. This HEC-2 input file
is available to the Connecticut DEP.



An assessment of the adequacy of the East Hartford dike and the impact
to the dike's integrity due to development on or adjacent to the dike is
not addressed in this study. However, the issue of the level of protection
provided by this local protection project is assessed in a separate study
published in December 1989 by NED. (1) The issue of the dikes integrity is
more appropriately addressed by our Operations Division who inspect all
local protection projects on an anmual basis to insure the project's
integrity. A letter frum New England Division to the DEP dated 3 February
1989 relative to this issue is included as Apperdix A.

PREVIQOUS STUDIES

Past studies prepared by the Amy Corps of Engineers, State of
Comnecticut, and Federal Emergency Management Agency (FEMA) that contain
information on the Connecticut River floodplain fraom Bodkin Rock to the
Massachusetts state line include the following reports:

Conpecticut River Basin = Comprehensive Water and Related Iand
Resources Investigation, 1970;

Report on Stream Encroachment Lines - Connecticut River - Bodkin Rock
to Massachusetts State Line, 1959;

Flood Insurance Studies published by FEMA for the east bank

camnanities of Portland (1978), Glastonbury (1977), East Hartford
(1979), South Windsor (1988),East Windsor (1977), Enfield (1978), and
the west bank commnities of Middletown (1980), Cromwell (1977), Rocky
Hill (1977), Wethersfield (1982), Hartford (1986), Windsor (1988),
Windsor Locks (1977), and Suffield (1979).



HYDROTOGY
BACKEROUND

The request to review the previously developed discharge frequency
carve for the lower Connecticut River resulted from two recent flood
events, namely May/June 1984 and March/April 1987. The Connecticut DEP and
USGS (United States Geological Survey, telecom with Mr. Larry Weiss,
Octcber 1988) were concerned that these events might change the previously
calculated 100-year peak flow on the lower Comnecticut River. Also the
Connecticut DEP was concerned that decreases in natural valley storage due
to building in the floodplain throughout the Connecticut River basin might
also have effected the the magnitude of the peak flow.

METHODOIOGY

In order to examine the impact of the recent flood events on the
discharge frequency curve previously developed by the Corps at the
Middletown gage (Bodkin Rock) the new flow information is added and a
sensitivity analysis performed. This analysis was conducted by the Water
Control Branch, Division of Engineering at NED. Portions of this review
are presented here and the full report is included as Appendix B. The
discharge frequency curve at Middletown is assessed for both natural
(umodified by flood control reservoirs) and modified (conditions with
reservoirs) .

NATURAL DISCHARGE FREQUENCIES

Previous analysis of flow records at Middletown were made in the
mid-1960's for the then available 123 years of systematic flow records
plus records of historic flood events that occurred in 1683, 1692, 1801,
and 1828, Natural and modified discharge frequency curves were developed
at this time using statistical analysis of this 127 years of flow data.

In this study the gage analysis previocusly calculated is updated to
include the now available 147 years of systematic flow data (1838-1988)
plus the 4 historic flood events for a total of 151 years of systematic
flow records. This longer data set contains computed natural 1987 and
1984 flows since the flood control reserveoirs were cperational at this
time. Results indicate less than a 1 percent increase in the 100-year
peakflow as determined during the sixties analyses. Sensitivity tests of
the data set also indicated the insignificant impact of the 1984 and 1987
events., The ocamputed natural discharge frequency curve is included in
Apperdix B.



MODIFIED DISCHARGE FREQUENCIES

Since the floods of record experienced on March 1936 and September
1938 the Corps has constructed a system of 16 flood control reservoirs.
Typical flood reductions provided by this system will vary depending on
the storm orientation.

Modified discharge frequencies were previously developed by NED to
reflect conditions with the 16 flood control reservoirs in place. Based
on this previcus analyses by NED of a typical flocd over the entire river
basin the average reduction in peak discharges at Middletown is
considered approximately 21 percent. However, sane reductions will be
greater and same less deperding on the storm orientation with respect to
the upstream reservoirs. The adopted modified frequency curve is presented
in Appendix B ard represents the expected average reduction for a wide
range of floods. This type of approximation is usually used to provide a
hydrologic basis for econamic analyses of flood control measures,

As a check on the adopted modified discharge frequency curve the
period of record since the last flood control reservoir was placed in
cperation 1is analyzed (1970-1988). Results of amalysis indicate a 100-year
discharge about 3 percent greater than the modified discharge frequency
caurve shown in Appendix B. During this period the 1984 flood event was
experienced and has a notable effect on the short period of record (19
years) used in this check. Based on the analysis the adopted modified
discharge frequency curve is considered reascnable.

STATISTICAL CONFIDENCE LIMITS

The estimated discharge frequency curve is only an approximation based
on the data set analyzed and this estimate has associated with it an
inherent variability. As an estimate of the expected variability
associated with the calculated curve confidence limits can be constructed.
The five and ninety-five percent confidence limits are determined for the
camputed natural Comnecticut River discharge frequency ourve. For the
purposes of this study it is then assumed that the adopted medified
discharge frequency curve would have the same percent deviation in peak
flows amd the confidence limits are estimated for the modified curve as
shown in Appendix B. This analysis indicates that the there is a
ninety-five percent probability that the 100 year discharge at Middletown
is greater than 170,000 cfs and a ninety-five percent probability that the
100 year discharge at Middletown is not greater than 205,000 cfs. The
previously developed modified 100-year -discharge of 185,000 + cfs at
Middletown is midway between the computed confidence limits.

SUMMARY

Based on the above analysis the modified discharge freguency curve
developed in this study is considered hydrologically similar to the
frequency curve developed in the 1960's. The occurrence of the 1984 ard
1987 floods in recent years has had no significant impact on the long term
flow frequency relationship at the Middletown gage.
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MODELING THE LOWER OCONNECTICUT RIVER USING HEC—2

BACKGROUND

The HEC-2 camputer model provides camputed water surface elevations at
modeled cross sections for given flow values. The HEC-2 camputer program
was developed by the Hydrologic Engineering Center in Davis, California. A
one page description of the HEC-2 camputer program is included as
Apperdix C.

The HEC-2 camputer program requires input data which characterizes the
study area. The HEC-2 model of the lower Connecticut River is established

using existing HEC-2 input data. The Connecticut River fram Bodkin Rock to
Enfield had previously been modeled using HEC-2 in the late 70's by
Anderson Nichols, Inc. on a cammunity by community basis for the Federal
Emergency Management Agency's (FEMA's) Flood Insurance Studies (FIS's)
Program. :

STUDY AREA

The campiled HEC-2 model represents the Connecticut River from Bodkin
Rock at Middletown to the Connecticut/Massachusetts state line (Figure 1),
approximately 43 river miles. The east bank coonmmnities are Portlard,
Glastonbury, East Hartford, South Windsor, East Windsor, Enfield, ard the
west bank comunities are Middletown, Cromwell, Rocky Hill, Wethersfield,
Hartford, Windsor, Wirdsor Locks, and Suffield.

METHODOLOGY

In order to campile the existing cross section data and other required
HEC-2 imput data the FIS studies, files held at the DEP, Water Resource
Unit, and microfiche files at NED were examined.(2) A compariscn of the
east bank commnity FIS information to the west bank community FIS
information is provided in Table 1. No significant discrepancies in the
east bank water surface elevations campared to the west bank elevations or
upstream campared to downstream were noted. There were same differences in
cross section stationing. The c¢ross section data, bridge data, am
Mamungs "n" values used are from the input flles fortl‘1eeastbank
cammmities.

The Connecticut River cross section HEC-2 input data was prepared for
the flood insurance studies using topographic mapping with 2 to 5 foot
contour intervals for valley portions, field measurement of below water
portions, and bridge plans or field survey for bridges. (3)
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Table 1. Comparigon of FEMA publishad FIS bage flood slevations for Communities along the Lower Connecticut River

Biver Eagt Bank FIS Weat Bank FIS published 100-year flood ¢levations

Miles Community I-gac Comunity I-gec NOTES Eagt Bank Comm. West Bank Comm. Difference
27.050 PORTLAND ) MIDDLETOW Middletown stationing was donse from 20.8

27.947 B ¢ corporate boundary while Portland stationing 20.9 0.9 0
20,465 ¢ D wad done from the river's mouth 21.0 1.0 0
28.920 D F 21.8 .9 -0.1
20.825 E 6 Niddletown hydraulic analysis completed in 1975, 22.1 2.2 -0.1
30.427 F study publighed in 1080 2.4

31.025 G I 2.9 3.0 -0.1
31.555 I J Portland hydraulic analysis completed in 1977, 2.1 3.3 -0.2
32.030 J CROMMELL A study published in 1078 23.3 3.3 0
32.800 X B 23.8 2.8 0
33400 L ¢ Crommel! gtudy published in 1077 4.1 4.0 0.1
34.260 D .6

3.7TH ¥ I 25.0 5.0 0
35.462 0 F 25.0 25.0 0
36.562 ¥ G 26.3 6.3 0
37.080 GLASTONBURY A ROCKY BILL A Glastonbury publighed in 1877 26.5 26.5 0
37.921 B B 2.8 6.8 0
38.924 c c Bocky Hill hydraulic analygis completed in 1977, 21.0 21.0 0
39.691 D b study published in 1980 21.0 .0 0
40.388 B g 7.0 7.0 0
11,104 ¥ F 21.1 27.1 0
42.535 G WETHERSFIELD A(1.24} Wethersfield atationing was done froa 27.6 .4 0.18
44.086 | B{2.81) coporate boundary 27.9 7.9 -0.02
15.522 I c{4.22) Wetberafield hydraulic analyses completed in 1976, 28.1 8.1 -0.02
45,607 D(4.3) study published in 1982 8.3

45.681 J E(4.37) 20.2 28.5 -0.32

16.302 X Fi(5.02) 28.3 8.7 -0.42



Table | (continued). Comparison of FEMA published FIS base flood elevations for Communities along the Lower Connecticut River

Biver East Bank FI§ " West Bank Fi§ publigbed 100-year flood elevations

Mileg Community I-gec Community & T NOTES East Bank Comm. West Bank Comm. Difference
46.076 EAST HARTFORD & HARTFORD Bartford study published in 1878, reviged 1966 28.8

47.703 B FI§ 9.1

48.662 c I-gec East Bartford hydraulic analyses completed in 1977, 20.4 not available

48.88%5 B not available study publighed in 1979 9.4

40.7112 E 9.8

49.846 F 9.8

50.008 ] 29.8

50.710 B 30.3

50.704 1 30.3

51.612 J 30.4

52.494 X 30.8

53.521 SOUTH WINDSOE A WINDSOR i South Windsor hydraulic analyges completed in 1978, 311 .1 0
53.568 B study publizhed in 1980, reviged 1988

53.630 B 3l.2

54,6822 ¢ c Windaor bydraulic analyses completied in 1977, N7 31.1 0
56.007 D study published in 1977, revised 1986 2.0

56.774 E b 32.2 32.2 0
57.6835 EAST WINDSOR B East Windsor study published in 1077 32.1

58.436 A F 32.5 32.5 0
50.047 B G 32.7 32.7 0
60.197 i WINDSOR LOCKE ' Windsor Locks hydraulic analyses completed in 1077, 3.1 3.1 ¢
60.992 D B atudy published in 1978 3.4 34 0
61.100 E c 33.6 33.8 0
61.808 F D 33.9 33.9 0
61.930 G E 3.2 34.2 0
62.280 F .7

63.060 ENFIELD A SUFFIELD 4 Enfield bydraulic analyses completed in 1978, 35.7 35.7 0
64.040 B B(64.058) study publighed in 1978 31.8 31.8 0
64.770 ¢ C(64.772) 39.0 39.1 -0.1
65.357 D Suffield bydraulic analyses completed in 1077, 12.9

65.379 D{65.372) study publighed in 1970 £2.9

66.160 E _ 9.4

66.414 F E(66.414) 50.7 50.7 0
67.113 F(67.112) 53.1

67.142 G 53.4

67.944 H G(67.940) ' 54.4 54.4 1]
68.879 [ A(68.678) 95.1 55.1

69.338 1(89.338) 56.8



This existing cross section information was checked against the
Metropolitan District Commission available 2-foot oontour maps for
Portland, Glastornbury, East Hartford, and South Windsor. (4) No
significant changes were noticed between the existing imput data and the
mapping. However, if the DEP is aware of areas where cross sections may
have changed since the Anderson-Nicholas modeling effort they may want to
include these changes in the model. The approximate location of the cross
sections used are shown on plates 1 through 5. Cross section spacing
(reach lergth) along the river channel rarges from approximately 1,000
feet to 8,000 feet. Cross sections are closer at bridges. Reach length
information is included in Table 2.

There are twelve bridges across the Connecticut River between Portland
and Enfield. Eleven of these bridges are included in the campiled HEC-2
model. Three of these bridges are modeled using the special bridge
method, the Conrail Bridge in Portlarnd, the Conrail Bridge in East
Hartford, and the Route 140 bridge in East Windsor (see Appendix C for
special and normal bridge explanation). At two of the bridges the Route
190 bridge and the Conrail Bridge in Enfield only the bridge piers are
modeled. Six bridges are modeled using the normal bridge method. The
location and low chord elevation of the bridges are included in Table 2.
The Arrigoni bridge, located at river mile 31.25, in Portland is not
modeled. This bridge consists of two trussed arch spans which provide a
clear wide opening. The low chord is 93 feet providing vertical clearance.

The 100-year discharges used in the model are the same as the

used in the FIS studies. The flows used for the 100-year are

shown in Table 2. These specified flows are easily changed in the input

file at the discretion of the user if desired. The starting water surface
elevation for the 100-year flow is from the FIS for Portland.

The model also contains a set of encroachment stations at each cross
section which are used in the Flood Insurance Studies to aid in
determination of the river floodway. The FIS floodway is defined as the
channel of the river and the adjacent land areas that if encroached on may
result in increasing the calculated 100-year flood surface elevation more
than one foot. The starting water surface elevation for this run is the
100-year starting water surface elevation plus one foot.

At the request of the DEP the State Encroachment Line design flow of
283,000 cfs was also included. The starting water surface elevation for
this discharge was taken from the profile in the report on the
"Comecticut Stream Encroachment Lines. (5)

RESULTS

The HEC-2 Water Surface Profiles camputer program was run for the
100-year flood event. The resulting calculated water surface elevations
are campared to the values published in the FIS studies for the
camumnities and to the previous HEC-2 output contained in the microfiche
files. This check of the model output was used to verify that the input
data as campiled provided the same results as the model which was
originally develcoped for FEMA. The camparison of the output is provided in

7



Table 2. Comparison of FIS 100-year Flood Elevations and HEC-2 output

Elevations HEC-2 HEC-2
Publighed output output
in FEMA, Anderzon- This 100-year
Cross Sections River Beach Fis Nichols study {low
FEMA FIS Mileg Length {ft} (ft) (ft) at I-gec
{ft) Columm 1 Column 2 Column 3 (3)-(2) (3)-{1) (cf®)
Portland 26.081 0 19.80  19.8¢ 6.0 186000
A 27.050 5116 0.8 20.48 20.48 0.0 -0.1 186000
B 27.947 4736 0.9 20.89 20.89 0.0 -0.0 186000
c 28,465 2135 0 1.22 u.n 8.0 0.2 188000
28.600 712 11.n 1.71 0.0 186000
28.800 1056 21.79 2179 0.0 186000
D-Bodkin Bock gage  18.920 634 21.8  11.8¢4 11.34 6.0 0.0 186000
E 29.825 4778 22.1 22.11 22.11 0.0 ¢.0 186000
¥ 30.427 378 224 22,53 122,92 0.0 4.1 188000
G 31.025 3157 2.9 11.87 22.87 0.0 -0.2 186000
31.050 180 22,68 22.08 0.0 186000
Conrail Bridge 31.08% ]| 22,76 22.75 0.0 186000
low chord 27.4 31.119 2895 .79 1.7 0.0 186000
I J1.5%55 2302 3.1 3.3 8.1 0.0 0.1 186000
J 32.030 2508 22,3 23.54 2354 0.0 0.2 188000
X 32.800 4008 23.8 23.80  23.80 0.0 0.0 186000
L 33.400 3170 4.1 20,06 2408 0.0 -0.0 186000
34,280 4540 U595 U5 0.0 186000
J4.TH 2503 2.0 24,95 24,98 0.0 -0.1 186000
0 35.402 Jad4 5.0 25.02 25.01 6.0 0.0 188000
P 38.562 5810 6.3 26.30 16.30 0.0 0.0 186000
A-Glaztonbury 37.080 2735 8.5 26,50 20.50 0.0 0.0 185000
B 37.917 471 6.8 20,85 20.85 6.0 0.1 186000
¢ 38.924 5264 70 217,26 2128 0.0 0.3 186000
D 39.691 4050 7.0 2T.83 21.83 0.0 0.6 188000
E 40.389 3605 .0 2770 1.7 0.0 0.7 188000
F 41.194 4250 7. T nnm 0.0 0.7 186000
G 42.53% 1080 27.6 27.83  27.83 0.0 0.2 186000
| 44,088 8139 7.9 27.96  27.98 6.0 0.1 188COO
I 45,512 7580 8.1 28,00 28,09 0.0 -0.0 186000
45.503 380 28.11 28.11 0.0 186000
Putnam Memorial Brid 45.504 1 20,08 27.99 -0.1 186000
low chord 60.0 45.007 69 28.08 28.00 -0.1 186000
45,008 1 28,22 8.3 0.1 186000
J 45,881 391 8.2 28,23 128.33 0.1 0.1 186000
X 48.302 327 8.3 28.30  128.39 0.1 0.1 186000

------------------------------------------------

Remarks:

-----------------------

100 year elevations published in FIS for Portland were adjusted to match Middleton FIS.



Table 1. Comparison of FIS i00-year Flood Elavations and HEC-2 osutput
Elevations HEC-2

CONTINUED

Cross Sections
FEMA,FIS

A-Rast Hartford
3
¢

Charter Oak Bridge
low chord 88.0

Founders Bridge
low chord 53.0

!
G-gaging station

Buckeiey Nemorisl Br
low chord 48.0

Conrail Bridge
low chord 32.4
I
J
| §

South Windsor
i

J.Bisse] Yemorial Br
low chord 49.5

]
C-below Farmington B
D-above Faraington R
I

East Windsor
f \

3

¢

1
Interstate 91 Bridge
low chord 48.90

I

!

Boute 140 Bridge
low chord 34.0

---------------------------------------------------------------------------------------------

River
Miles

16.4870
47.703
18.462
48.737
48.7%8
48.710
48.771
48.008
#.712
49.197
49.798
49.815
49.81¢
49.840
50.008
50.054
50.0%5
50.070
50.080
50. 192
50.710
50.740
50. 750
50.7%%
50.70%
50.794
51.612
52.404
53.08¢
53.521
53.508
53.570
53.581
53.58%
33.030
54,822
50.007
j0.T™H4
57.083
58.430
59.047
0¢.107
60.992
01.040
81.042
61.059
41.081
61.100
61.808
81.800
§1.003
81.909
01.9i12
51.930
63.280

Reach
Length
$41]

T30
500
5

30

5
100
1850

in FEMA, Anderson-

FIS
(f%)
Columm |

0.4
0.9

3.8
0.8

30.3

30.3
30.4
3.8

) I

2.8
32.7
3.1
334

3.8
33.9

HEC-12
This
Tichols  study
({s) (£3%]
Column 2 Columm 3
28.35  28.4%
28.4% 20.%4
168.90 18.9%
8.4 10.03
28.91 8.0
28.92 19.00
8.95 19.08
29.01 2.1
.28 9.9
0.4 B4
0.3 29.%
9.2 129.39
20.37  19.48
20.30  20.%
9.8 W.NM
20.87 29.98
9.82  190.93
29.84 20.9%
J0.19 30.30
30.31  30.31
30.26  30.37
30.27 30.38
Jo.18  30.29
J0.19 30.30
30.43 30.53
J0.43  30.54
30.00 30.80
Jo.98  31.08
) I B 1 9§
90§ S 1 % 1
.13 LS
LIUR T B § O3
12 n
31,17 3118
3.1 3.3
31.7% 31,85
32.02  32.12
32.17 31,18
3. 3.4
w315
Z.mn o N1
b T S & 1§
3.4 3.5
3346 3183
3. N
3.4 .4
1.8 WM
33.59 33.47
33.87 33.0%
33.99 34,08
33.08 3403
M4 3423
34.11 34.29
14,23 .31
4.4 .82

{3)-(2)

bt et et peb R et et Bt gt B b gt et o g b et g Pt bt P et e st b b et i B B fr et St et s A B Bt Bt B Bt fn et er e e e gt g gt gt pn g ped

{31-(1)

-0.3
-0.4

6.1

L — ]
Tl e WD

0.1

- O o o
- . e
T— e D

L B - -~

—— e

< <
R —

100-year
{low

at I-gec
{cfa}

189%00
165500
183300
185500
185500
185500
165500
189500
185%00
185500
18%%00
18%%00
185500
185500
185500
185500
185500
185500
188500
185500
185590
185500
185550
185500
185500
185500
185500
188500
185500
185500
185500
185500
185300
185500
185000
185000
185000
185000
185000
185000
185040
18%000
185000
185000
183000
185000
185000
185000
185000
185000
185000
185000
185000

100 year elevations publisbed in PIS for Glastonbury were adjusted to match Wethersfield FIS.
100 year elevations published in FIS for Bast Hartford were adjusted to match Hartiford FIS.



Emham(:owison of FIS 100-year Flood Elevationa and HEC-2 output

Elevations HEC-2  HEC-2
Published output output
in FEMA, Anderson- This 100-year
Cross Sections River  Beach FIS  UNichols  study flow
FRMA FIS Miles Length (1) (tt) (it) at I-sec
(ft) Colusmn | Columm 2 Column 3 (3)-(I} (I-(1) (cfs)
Enfield 83.002 4110 35.50  35.57 0.1 185000
63,075 69 35.59  15.65 0.1 185000
Conrail Bridge 83.078 0.09 35.56  35.62 0.1 155000
low chord 50 63.080 40 35.50  35.65 0.1 185000
§3.081 0.09 38.70  38.M 0.1 185000
A 63.090 50 35.7  35.712 8.1 0.1 0.1 185000
§3.30¢ 1150 30.43  16.49 0.1 181000
B 64.040 3859 37.8  IT.18 37.83 0.0 0.0 191000
64.340 1628 30.11  39.15 0.0 191000
¢ 6¢.770 2228 39.0 39.05  39.08 ¢.0 0.1 191000
b 65.357 JoTe 2.9 4202 um 0.0 0.0 191000
85.367 50 43.11  43.12 ¢.0 191000
85.300 0.09 42.80  42.60 0.0 191000
85.37¢ 4§ 2.0 4.0 8.9 191000
§5.380 0.09 @44l u 0.0 181000
65.302 50 4.5 W53 0.0 191000
E-below Enfield Dam 86.180 3030 .4 030 4938 0.0 -0.¢ 191000
68.344 960 50.13  50.13 0.0 121000
68.345 0.09 48.80  48.60 0.0 181000
68.346 5 48.03 48.0% 0.0 191000
66.347 0.0¢ 51.08 51.00 0.0 191000
F-above Enfield Dam 86.414 360 50.7 50.87  50.67 0.0 -0.0 193000
96,427 65 50.73 50.73 0.0 193000
Route 100 Bridge 66.428 0.00 50.80  50.61 0.0 193000
low chord 78.9 86.435 37 50.60  50.60 0.0 193000
60.438 0.00 51.02  51.03 0.0 193000
06.449 70 51.08  51.07 -0.0 183000
87.113 3505 53.00 83.10 0.0 193000
67.122 50 53.10 53.11 0.0 193000
0ld Route 190 67.123 0.09 52.93 52.93 ¢.0 193000
Bridge Piers 07.128 16 52.04 52,04 ¢.0 193000
67.12¢ .09 53.40 5L 4 0.0 193000
g 87.142 65 53.4 53.41 5142 0.0 0.0 193000
87.944 4234 S 5437 54,37 0.0 -0.0 193000
H 68.679 3850 55.1 55.00 55.00 0.0 -0.0 193000
69.338 3479 56.74 55.74 0.0 193000

------------------------------------------------------

Bemarks:
100 year elevations publigshed in FIS for Enfield were adjusted to maich Long Meadow, Mass.




Table J. Comparison of FEMA publighed FIS floodway data and HEC-2 output

River  East Bank FIS floodway (ft) HEC-2 output (f%)

Miles Community x-sec with  without Increage Width  with  without Increase Wdth
27.050 PORTLAND 4 20.8 21.5 0.9 1275 20.5 1.3 0.3 1278
7947 B 20.9 2.8 0.9 840 20.9 21.7 0.8 840
28. 465 ¢ 21,0 1.9 0.9 750 21.2 2 0.8 T41
28.920 D 21.8 22.7 0.9 3200 2.8 1.7 0.9 3280
29.825 E 22.1 23 0.9 1015 7.1 2.9 0.8 1015
30.427 F 22.4 3.2 0.8 1370 22.5 23.3 0.8 1370
31.028 G 2.9 3.8 0.9 1000 2.7 23.5 0.8 1060
31.555 I 23.1 231.9 .8 1420 3.2 1} 0.8 1420
31.030 J 23.3 u.1 0.8 1360 23.5 4.3 0.8 1360
32.800 K 21.8 24.5 ¢.8 1170 3.8 1.5 0.7 1170
33.400 L .1 4.8 0.7 1075 i1 4.3 0.7 1075
34.734 ¥ 25.0 5.9 0.9 1990 25 25.8 0.8 1990
35.462 0 25.90 28 1 885 25 28 1 gas
36.562 P 28.3 21.2 0.9 1175 6.1 21.2 0.9 1175
37.080 GLASTONBURY A 28.5 27.4 0.9 1190 8.5 by | ¢.9 1180
37.927 B 26.8 17.6 0.8 1370 26.8 1.1 0.9 1372
38.924 ¢ 21.¢ 1.9 0.9 1330 1.3 28.1 0.8 1330
39.891 i ¥R 28 1 6800 7.8 28.5 0.9 6800
40,389 E 21.¢ 1.8 0.8 7810 7.1 28.6 0.9 7815
4],194 F 21.1 28 0.9 9500 7.8 28.7 0.9 9500
42.535 G 21.6 28.8 1 8200 27.8 28.7 0.9 8260
44,086 i 7.9 28.9 0.9 7110 7.9 28.8 0.9 T11%
45,522 I 28.1 9.1 ! 4500 8.1 29 0.9 4500
45,881 J 8.2 29.2 1 5415 28.3 9.2 0.9 4975
468.302 X 28.3 9.3 1 4985 28.4 29.3 0.9 4695
46,670 EAST HARTFORD A 28.9 2.7 0.9 5180 8.5 w4 0.9 4653
47,703 B 29.1 30.1 1 1040 28.5 20.5 1 1040
48,662 ¢ 9.4 30.3 0.9 1270 28.9 9.8 l 1270
43,085 D 9.4 30.4 1 1125 29.1 29.9 0.8 1135
49.712 E 29.8 30.8 1 708 9.4 30 0.8 709
40,548 F 29.8 3o.8 1 585 29.5 30.4 0.9 585
50.008 G 29.8 30.8 1 950 30 36.9 0.9 950
50.710 B 30.3 3.3 ] 955 30.4 3.1 0.7 955
50.764 1 30.3 31.3 1 1100 30.5 3.4 0.9 1100
51.812 J 30.4 3.4 1 1800 3o.8 31.1 0.9 1890
52,404 K 30.8 31.8 1 3620 31 n ! 3620
53.521 SOUTH WINDSOR & 3.1 32.1 1 1160 31.2 32.1 0.9 1180
53.030 B 3.2 32.12 1 1275 3.3 32.2 0.9 1275
54,822 ¢ na 32.7 1 4700 3l.8 32.8 1 4700
58.007 D 32.0 K] 1 6200 3.1 3.1 1 8200
56.7T4 E J2.2 33.2 1 5300 32.2 33.2 1 5300
58.436 EAST WINDSOR A 32.5 33.5 1 2450 32.8 33.4 0.8 2450
59.047 B 32.7 33.7 1 3250 32.8 3.7 0.9 3250
80.197 ¢ 3.1 34.1 1 2050 33.2 3.1 0.9 2050
§0.992 D 33.4 4.4 1 1400 33.5 344 0.9 1409
§1.100 E 33.8 4.5 0.9 1200 33.7 3.5 0.8 1200
81.808 ¥ 3.9 34.8 0.9 1175 33.9 34.8 0.9 1175
81.930 ] 3.2 35.2 1 1225 3.3 35.2 0.9 1225
§3.090 ENFIELD A 35.7 36.7 1 1300 35.8 38.7 0.9 1300
64,040 B 3.9 38.5 0.7 1900 31.8 38.5 0.7 1900
64,770 ¢ 39.0 19.8 0.8 955 3.1 9.8 0.5 95%
65.357 D £2.9 4.1 0.2 810 43 41.1 0.1 ale
66.100 E 49.4 49.5 0.1 1000 49.4 9.5 0.1 1000
86.414 F 50.7 50.8 0.1 1060 50.7 50.7 0 1060
67.142 g 53.4 53.5 0.1 1010 53.4 53.4 0 1010
87.944 H 54.4 54.5 0.1 1190 54.4 54.5 0.1 119¢
68.679 I 55.1 55.2 0.1 1405 55.1 55.2 0.} 140%



Table 2 and discussed in the next two paragraphs.

The difference at cross-—sections between the HEC-2 100-year flood
elevations for this study versus the previous HEC-2 100 year flood
elevations contained in the microfiche files (Anderson Nicholas studies)
was insignificant. Differences at cross-sections ranged from 0 to 0.1
feet.

The differerce between the HEC-2 100-year flood elevations for this
study versus the values published in the Flood Insurance Studies for the
cammmnities was larger but not considered significant. Differences at
cross-sections ranged fram 0.0 to 0.7 feet. The differences between the
published values and the HEC-2 100-year flood elevations may be caused by
attempts to match elevations in adjacent cammmities. Matching elevations
is standard procedure in the Flood Insurance Studies program providing for
conformity along the river (See remarks included in Table 2.)

It was observed while campiling the model that camputed water surface
elevations are sensitive to the starting water surface elevation throuch
East Windsor. This may be related to the relatively flat flood profile
fram Portland through East Windsor. The HEC-2 100-year flood profile is
plotted on plates 6 ard 7.

The Model is also run for the 100-year flow while confining the flow
to specified encroachment stations. The computed water surface elevations
and top width fram this run and the information published in the FIS
studies are campared in Table 3. The increase in water surface elevation
when the flow is confined within the encrovaciment stations averages about
cne foot.

At the request of the State of Connecticut, the model was run at the
States Encroachment Line Program design flow. This flood profile is shown
on plates 5 and 6. Several of the cross-sections were extended by the
model for calculation of the hydraulic properties of the cross-sections.
The results of this nmn are campared in the following sentences to the
flood profile published in the "Connecticut Stream Encroachment Lines"
report. The computed water surface elevations are campared in the vicinity
of bridges as these points are easily identifiable on the profile. From
Portland to the Buckley Memorial Bridge in East Hartford the the HEC-2
output is approximately O to 2 feet less, from here to below the Enfield
Dem the HEC-2 profile is approximately 1 to 3 feet greater, from Enfield
dam to the state line the HEC-2 is approximately 4 feet less to 0.5 foot
above . The HEC-2 surface water elevation at the state line is 62.6 feet
anxd the elevation shown on the Comnecticut stream encroachment profile is
approximately 62 feet. The differences in the HEC-2 output ard the
previously calculated profile is not unexpected because of the different
methodologies used for camputation.

SUMMARY

A HEC-2 irput file for the Connecticut River from Portland to Enfield
is campiled amd is available to the Connecticut DEP for their use.
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APPENDTX A

Ietter from New England Division to
Comissioner Department of Enwvirommental Protection



FEB 3 1989

Ptanning Division
Basin Management Branch

Ms. Lesile Carothers, Conmissioner
Depar tment of Environmantal Protection
166 Caplto! Avenue

State Oftice Building

Harttord, Connecticut 08116

Dear Commissioner Carothers:

On November 28, 1988 representatives of the Corps of Enginesrs snd
members of the Connecticut Department of Evironmental Protection met to
discuss the scope of work for a Flood Plain Management Sarvices (FPMS)
investigation ot the tlocoding probliems along tha Connecticut River, Nr.
Alan Williasma of your staff expressed concerns regarding proposed
aiterations by a private daveloper to tha Corps-constructed East Hartford
Dike. His concerns centeared on thae State’'s desire to Insure the future
structural intagrity ¢f the project, Its continued operation and
maintenance, and the rcia of the Corps of Enginesrs would have regarding
any proposed modification to a Corps-conatructed, focally operatad and -
maintained praject. [t was agreed at the measting that my staff would iook
intc this matter and provide tha State with partinant information.

The New England Division is aware of a propossed modification to the
East Harttorgd Dike in which a deveioper would |like to remove s portion ot
tha earthan dike and replece It with a concrete wall. This project, as
weil as any futurs proposed sitteratlon to a Corps of Engineers project,
must be reviswad and approval granted by the New England Division. This
ofticea wilt not approve any pian for construction without tha prior
approva! of tha local sponsor and the State of Connecticut. Tha proposed
sliteration must ratain the structural Integrity of the project as defined
by published Corps of Enginesrs Raguliations. The responsibiiity for the
maintenance and operation of the project and any modification wili remain
with the locsl sponsor. The Corps of Engineers [nspects all locsl
protection projescts at iesst on an annual basis to insure the project's
integrity and that it is functioning properiy.

The New England Division recently began an investigation to review the
adequacy of the protection afforded by the East Hartford Local Protection
Project. Mr. Paul Albrecht of our Plan Formuiation Branch is the project
manager of this investigation. If you have any questions concerning tha
East Hartford Dike investigation plaase contact Mr. Albracht at (617)
647-838"Y.
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If you have any questions regarding this information pieass contact
Ms. Barbars Notini at (617) 847-8544.

Sincerely,

Staniey J. Murphy
Lt. Colonel, Corps of Enginears
Acting Divislon Enginesr

Copies Furnished:

Mr. Alan Wiitlams

Natura! Resources

Depar tmant of Environmenta! Protection
RM B5h

165 Caplitol Avenus

Hartford, Connecticut 08106

Mr. Charies E. Berger Jr,

Water Resources Unit

Departmant of Environmental Protection
AM 215

165 Captto! Avanue

Hartford, Connecticut 06106

cf:

Ms. Notini, 112N

Mr. Kennelly, 112N {(wllI11)
LAPS, 112N

Mr. Manor, 1068

Mr. Albrecht, 114N
Reading File

BMB File, 112N

Ping Div File, 1148
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REVIEW AND UPDATE OF
CONNECTICUT RIVER DISCHARGE FREQUENCIES
AT MIDDLETOWN, CONNECTICUT

1. PURPOSE

As part of the FPMS technical assistance program the
State of Connecticut requested the Corps of Engineers review
the previously developed peak discharge frequencies for the
lower Connecticut River., This request resulted from recent
flood events, namely, May/June 1984 and March/April 1987.
The State felt tlhese high flow events might affect lower
Gonnecticut River discharge frequencies. The review docu=
mented in the following paragraphs was conducted using guid-
ance contained in "Guidelines for Determining Flood Flow
Frequency," Bulletin 17B, Interagency Advisory Committee on
Water Control, March 1982.

2. FLOOD HISTORY

Damaging floods have been experienced on the Connecticut
River and its tributaries since establishment of the first
settlements in the basin. The USGS has recorded flows at
Middletown dating back to the early 1800's. Reliable records
of flood stages at Hartford have been kept since 1838 and
information on the relative magnitude of flood stages at
Hartford dates back to the 1600's.

The greatest flood of record on the lower Counnecticut
River was experienced in March 1936 when a stage of 37.0 feet
NGVD was reached at the Hartford gage. The second greatest
flood occurred in September 1938, with a level of 2.2 feet
below the 1936 peak stage, and the third largest occurred in
June 1984 when a peak elevation of 30.7 feet NGVD was experi-
enced at the Hartford gage.

The Connecticut River through the Hartford area is lo-
cated within the limits of a long storage reach; therefore,
peak flood stages at Hartford are more a function of peak
storage in the reach rather than peak flow in the river
through Hartford. This storage creates a 'hysteresis effect'
on the rating curve at Hartford, and due to the lack of a
constant stage-discharge relationship at Hartford, the stages
are related to peak flows at the Middletown gage, where flows
are a function of maximum Bstorage in the reach,

Historic flood levels at Hartford versus peak flows at
Middletown are listed in table 1.



TABLE 1

HISTORIC FLOOD LEVELS
HARTFORD, CONNECTICUT

Flood Level in Discharge in CFS
Feet NGVD at at USGS Gage
Date Memorial Bridge Middletown, CT
(DA = 10,487 Sq.Mi.) (DA™= 10,887 Sqg.Mi.)
Mar 1936 37.0 267,500
Sep 1938 34.8 239,000
Jun 1984 30.7 186,000
Aug 1955 30.0 188,000
May 1854 29.2 180,000
Nov 1927 28.4 172,000
Apr 1960 27.4 171,000
Apr 1987 25.6 140,500

3. FLOOD CONTROL

Since the great floods of March 1936 and September 1938,
the Corps has constructed a system of 16 flood control reser-
voirs in the Connecticut River Basin, which control flood
runoff from 1,570 square miles, or 15 percent of the Connect-
icut River watershed above Hartford. Typical flood reduc-
tions provided by the existing system of reservoirs will vary
depending on the storm orientation with respect to the up-
stream reservoirs. Natural and wodified discharges for the
major historical floods, including June 1984 and April 1987,
are listed in table 2,

4. DISCHARGE FREQUENCIES

a. Natural. Natural (unmodified by flood control res-
ervoirs) discharge-frequency curves have been developed
during past Corps of Engineers studies for key index sta-
tions along the main stem Connecticut River. Analysis of
flow records at Middletown (Bodkin Rock) were made in the
mid-1960's for the then available 123 years of systematic
flow records plus records of historic flood events that
occurred in 1683, 1692, 1801, and 1828, Discharge frequen-
cies were determined using a Log Pearson Type III analysis
with 127 years of flow data (123 years systematic and four
historic events). Results of this analysis had a mean log of
5.008, standard deviation of 0.1353, and a computed skew of
about 0.0. Based on regional analysis a skew coefficient of
0.5 was adopted.



TABLE 2

EFFECT OF EXISTING RESERVOIRS ON FLOODS
OF RECORD, HARTFORD, CONNECTICUT

Modified by 16

Natural Existing Reservoirsg¥®

Event Discharge** Discharge
(cfs) (cfs)

Mar 1936 267,500 -- 206,100
Sep 1938 239,000 194,500
Jun 1984 220,000 186,000
Aug 1955 182,000 162,000+ (est)
Nov 1927 174,000 (Lack of sufficient
Apr 1960 171,000 data to determine)
Apr 1987 163,500 140,500

* Existing 16 reservoirs

*% Discharges at USGS gage at Middletown, CT



As part of current studies this analysis was updated for
the now available 147 years of systematic flow dara (1838 -
1988) plus the 4 historic flood events for a total of 15]
years of flow record. This longer period contained computed
natural 1984 and 1987 peak flows (natural flows since comple-
tion of the upstream flood control reservoirs were determined
by the Reservoir Control Center, New England Division, Corps
of Engineers). This data was also anmalyzed in a Log Pearson
Type II1 analysis resulting in a mean log of 5.000, standard
deviation of 0.138, and a computed skew of about 0.0. As
with previous studies a skew coefficent of 0.5 was adopted.
Results of the analysis of the longer pericd of record, in-
cluding the 1984 and 1987 computed natural flows, indicated
less than a | percent increase in the peak | percent chance
flood discharge as determined during the 1960's analysis,

The remainder of the frequency curve was in very close agree-
ment with the frequency curve computed in the 1960's. The
adopted natural discharge frequency curve, based on the
analysis of flow data up to 1988, is shown on attachment 1.

As a sensitivity test, assuming the 1984 and 1987 flood
events had not occurred and the estimated annual flocod event
had occurred during those two years, computed discharge fre-
quencies were determined. The computed natural 1984 and 1987
flood peak of 220,000 and 163,500 cfs, respectively, were
replaced with the peak annual discharges of about 98,000 cfs
and the Log Pearson Type III frequency analysis was conducted
for this data set., The computed ! percent chance discharge
for this data set was only about 2 percent less than the com-
puted 1 percent chance discharge using the entire period of
record, including the natural 1984 and 1987 floodflows
(235,000 versus 230,000 cfs).

As a final sensitivity test on the computed natural dis-
charge frequencies, the three largest flood events (1936,
1938 and 1984) were identified as high outliers for the his-
toric period of 306 years (1683 - 1988), The procedure to
adjust for historic information as outlined in Bulletin 178,
"Guidelines for Determining Flood Flow Frequency, Appendix 6
was used and natural discharge frequencies were computed,
The HEC "Flood Flow Frequency Analysis" computer program was
used to aid in the analysis. By identifying the three larg-
est flood events as high outliers and extending the period of
record to 300+ years the resulting effect on the computed
natural | percent chance discharge was to reduce it about
4 percent (235,000 versus 226,000 cfs).

Considering the sensitivity tests conducted and the rela-
tively small effect on computed natural discharge frequencies
the discharge frequency curve shown in attachment | which is



based on analysis of the entire historic period (150 years of
flow data) is considered reasonable.

For a graphical check of the computed discharge frequency
curve, plotting positions were assigned to the observed data,
Analysis of historic flow data indicates that the 1936, 1938
and 1984 floods were the three largest during the period of
record (300+ years). Therefore, the adopted Weibull plotting
position for the 1936 flood for this analysis is 0.003 (1/300
years). The 1938 and 1984 flood discharges were assigned
0.006 (2/300) and .01 (3/300), respectively.

Due to the difference in magnitude between the three
major floods (1936, 1938 and 1984) and the remainder of the
data, the plotting positions for the remaining flood events
were determined assuming a period where systematic records
were kept about 150 years. The computed discharge frequency
curve with plotted data is shown on attachment 1.

b. Modified. Modified discharge frequencies were devel-
ocped to reflect conditions with the present system of Corps
flood control reservoirs with the resulting curve shown on
attachment 1. The reductions shown are based on analysis of
the "Typical Tributary Contribution Flood" (TTCF) which was
developed by the New England Division, Corps of Engineers.
In general, this analysis technique was to develop a typical
distribution or average flood over the basin and then, by
studying multiples of this flood, determine the typical
effectiveness of a flood control system for a wide range of
flood frequencies. Using this method TTCF hydrographs are
developed for all tributaries and are combined and routed
downstréam to determine the typical contribution of the
tributary flows to flood peaks at damage centers. It should
not be inferred that for every occurrence of a certain fre-
quency flood at the Middletown gage the reduction will be as
shown on the modified discharge frequency curve. Some reduc-
tions will be greater and some less, depending on the storm
orientation with respect to the upstream reservoirs. The
adopted modified frequency curve represents the expected
average reduction for a wide range of floods and is used to
provide a hydrologic basis for economic analysis of flood
control measures. The average reduction in peak discharges
at Middletown by the existing system of Corps reservoirs is
consgidered—approximately 21 percent, Also shown are natural
and modified discharges for the 1936, 1938, 1984, and 1987
flood events along with the estimated modified August 1955
flood discharge. As can be seen, based on the modified dis-
charges for the five historic floods analyzed and their
adopted Weibull plotting positions, there is close agreement
with the modified discharge frequency curve.

B-5



To check the sensitivity of the adopted modified dis-
charge frequencies, the period of record since the last Corps
of Engineers flood control reservoir was placed in operation
was analyzed. The final Corps reservoir went into operation
in 1969; therefore, the period from 1970 to 1988 (19 years)
was analyzed. Results of the Log Pearson Type III analysis
had a mean log of 4.9655, standard deviation of Q¢.117, and a
computed skew of 0.76, The previously determined regional
skew of 0.5 was adopted. This analysis was compared with the
modified discharge frequency curve shown on attachment 1.
Results of analysis of the last 19 years of flow data indi-
cate a | percent chance discharge about 3 percent greater
than the modified discharge frequency curve shown on
attachment 1. It is recognized that during this period the
large 1984 flood event was experienced and has a notable
effect on a short period of record (19 years).

Based on analysis conducted, the adopted modified dis-
charge frequency curve is considered reasonable.

5. UNCERTAINTY AND SENSITIVITY OF DATA

Establishing the frequency and magnitude of abnormal
hydrologic events is not an exact science. Projecting the
frequency and magnitude of peak flood discharges is generally
accomplished by statistical analysis of experienced flow
history. Obviously what has happened in the past is not a
precise indicator of what may, or can, happen in the future.
Secondly, for any magnitude of floodflow at a point on a
river there is an infinite number of upstream storm and run-
off conditions that could produce that discharge. For this
reason the relative effectiveness of a system of reservoirs
can vary and therefore the reduction in peak flow is taken as
an average based on analysis of a4 typical flood as degcribed
previously. Peak discharges as well as uncertainty can be
estimated using statistics. Reference: "Guidelines for
Determining Flood Flow Frequency," Bulletin 178, Interagency
Committee on Water Data, March 1982. However, an estimated
flood frequency curve can be only an approximation based on
the date set analyzed. As a measure of the accuracy of a
computed frequency, confidence limits can be constructed.

The 5 and 95 percent confidence limits of the computed
natural Connecticut River discharge frequency curve at
Middletown have been determined., Assuming that the discharge
frequency curve, as modified by reservoirs, would have the
same percent derivation in peak flows in the 5 and 95 percent
confidence intervals as the natural curve, the confidence
limits were estimated for the modified curve as shown on at-
tachment 2.



6. SUMMARY/CONCLUSION

In summary, the statistical confidence or uncertainty
analysis indicated there is a 95 percent probability that the
100-year discharge at Middletown is greater thanm 170,000 cfs
and a 95 percent probability that it is not greater than
205,000 cfs. The previously developed modified 100-year dis-
charge of 185,000+ cfs at Middletown is midway between the
computed confidence limits. The modified discharge frequency
curve developed in this current study is considered hydro-
logically similar to the frequency curve developed in the
1960's. The occurrence of the 1984 and 1987 floods in recent
years has had no significant impact on the long term flow
frequency relationship at the Middletown gage,
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APPENDIX C



This is a brief description of the HEC-2 model included for those not
familiar with the model and required imput data. A more detailed
description is found in the HEC-2 Water Surface Profiles, Users
Manual, 1982.

HEC-2 was developed by the U. S. Army Corps of Engineers, Hydrologic
Engineering Center in Davis, cCalifornia. The HEC-2 program is used for
calculating water surface profiles for steady gradually varied flow in
natural or man-made chamnels. The effects of bridges and dams which may
cbstruct flow are considered in the coamputations. The HEC-2 model is used
extensively as a tool in the estimation of flood elevations in rivers and
streams for a selected flood flow event. The program is also designed for
application in floodplain management to evaluate floodway encroachment.

The input data needed to compute water surface elevations along the
river (profiles) includes: flow regime, starting water surface elevation,
discharge values, loss coefficients, cruss section geametry, and reach

lengths.

Profile camputations begin at a cross section with known or assumed
starting condition and proceed upstream for subcritical flow and
downstream for supercritical flow. Same type of knowledge of the starting
water surface elevation for the beginning cross section is required and
can be input as a known starting water surface elevation. Starting
discharge at the beginning cross section must also be specified and
discharges can be charged at selected cross sections in the data set.

Several types of loss coefficients can also be utilized by the program
to evaluate head loss including Manning's 'n' values for friction loss,
contraction and expansion coefficients to evaluate transition losses,
bridge loss coefficients to evaluate losses related to weir shape, pier
configuration, and pressure flow.

Baundary geametry for the analysis of flow in the stream is specified
in terms of ground surface profiles (cross sections) and the measured
distances between them (reach lengths). The cross sections are located at
intervals along a stream to characterize the flow carrying capability of
the stream and its adjacent flood plains. The cross sections should
accurately represent the stream and flood plain geametry, however,
ineffective flow areas of the flood plain, such as stream inlets, small
ponds, or indents in the valley floor, should not be included. Cross
section data is traditionally oriented looking downstream since the
program considers the left side of the stream to the have the lowest
station mmbers and the right side to have the highest.

Cross sections located at bridges are modeled differently than cross
section in the open channel. The normal bridge method, which uses the
standard step methoed for camputing losses, is usually used in cases where
the bridges and abutments are a small cbstruction to the flow. The special
br:.dge method is usually usedwm.rethebndgelssuhrexgedardactsasa
weir. This method can also be used to model dams.



